The bioactive compounds in methanol extract of Xylopia aethiopica fruits were determined using a combination of gas chromatography and mass spectrometry (GC-MS). The compound identification was based on the molecular structure, molecular mass and calculated fragments. Interpretation on mass spectrum of GC-MS analyzer (Hewlett Packard GC-MS system) was done using the database of National Institute Standard and Technology (NIST). The results showed different peaks representing the presence of about 58 bioactive compounds which are mainly carboxylic acids, esters, phenolic compounds and fatty acids. The most abundant bioactive compounds detected were 2,4,6-octatriene (2
Introduction
Africa is blessed with lots of medicinal plants that contain active principles that make them useful to cure Man's diseases. Medicinal plants are locally accepted because they are believed to have less or no side effects when compared to synthetic drugs. They are also available and cheap to obtain [1] . The analysis of the chemical constituents of these medicinal plants would be necessary in determining and isolating the active principles of these plants and hence, making way for the assessment of their biological activities. Currently, there are lots of techniques that can be employed to identify these constituents of plants such as chromatographic and spectroscopic techniques. A combination of gas chromatography (GC) and mass spectrometry (MS) has over the years proven to be one of the best combinational techniques in the identification of the chemical constituents of various plants. While gas chromatography separates the constituents, mass spectrometry helps to determine the molecular weight of these compounds [2] . The GC also separates volatile components in a sample while MS fragments the components and identifies them on the basis of their mass. Separation in GC is based on their boiling point where the substances with higher boiling point come out later and those with lower boiling point come out first. When they are out, they go into the MS which identifies them using their mass to charge ratio [3] . Xylopia aethiopica is a plant that is widely spread in the tropical Africa, especially in Ghana, Zambia, Mozambique and Angola. It is abundant in lowland rainforest and most fringe forest in the savanna zones of Nigeria [4] . It matures as a slim, tall tree of approximately 60 cm in diameter and up to 30 m high with a straight stem having a slightly stripped or smooth bark [5] . [5] . [6] reported that fruits of the plant are used by herbalists for increasing menstrual flow and for terminating unwanted pregnancy. It is also added as a stimulant to several other herbal preparations in traditional medicine for treating stomach ache, bronchitis, dysentery, neuralgia and biliousness. Several biological activities such as promotion of prostaglandin synthesis [7] , hypertensive and diuretic effects as well as antimicrobial, antimalarial and anti-parasitic activities have been reported of the plant [8] [9] . Anonaceine, an alkaloid similar to morphine was found in the essential oil from X. aethiopica [10] . The antifertility effect of the plant has also been reported [8] . The plant has been shown to elevate intraocular pressure [11] , induce hepatic [12] and renal cell damages [13] , and decreases sperm quality [8] . The major bioactive components of X. aethiopica fruits varied based on the location of source [14] : that from Cameroun were β-phellandrene +1,8-cineole (31%), β-pinene (8%) and α-pinene (3.4%) [15] while that from Ivory Coast was β-pinene (20.56%) [16] . In Chad, the major constituents were α-pinene (5.56%), β-pinene (24.6%), β-phellandrene (12.36%) and α-phellandrene (7.16%) [17] . From Togo, α-pinene (23 
Materials and Methods

Collection, Authentication and Extraction of Plant Material
The plant material used in this study, dried fruits of Xylopia aethiopica (Figure 1 Nigeria. The dried fruits were ground into powder using a mechanical grinder.
The powdered sample (1000 g) was soaked in 4.5 litres of methanol (JHD, China) in an air-tight container and was left for 48 hours with occasional stirring.
The suspension was filtered and the filtrate concentrated using a rotary evaporator under reduced pressure at 40˚C. The oily dark brown concentrate of percentage yield of 17.8% was subjected to GC-MS analysis.
Determination and Identification of Bioactive Compounds in Methanol Extract of Xylopia aethiopica Fruits
The bioactive components of methanol extract of Xylopia aethiopica fruits were determined using a GC-MS analyzer (Hewlett Packard GC-MS system with Purge and Trap, US EPA 8260/5035 by GC/MSD and ASTM D2600/D2908). 
Results
Bioactive Compounds in Methanol Extract of Xylopia aethiopica Fruits
The identities of the bioactive compounds in methanol extract of Xylopia aethiopica fruits were confirmed based on the peak area and retention time and presented in (2) 33. 
Discussion
This study demonstrated the usefulness of GC-MS as a valuable tool for the identification of bioactive compounds present in plant materials. The analysis of the methanol extract of X. aethiopica fruits revealed the presence of 58 bioactive compounds. Among the identified compounds, the presence of fatty acids like n-hexadecanoic acid, 9,12-octadecanoic acid, hexadecanoic acid and methyl ester may be associated with the reported antioxidant property of the plant [16] [20]. Also, the presence of these fatty acids and esters in the extract suggests that it can serve as a pesticide, an anti-androgenic flavor, and α-reductase inhibitor [21] .
It can also serve as cancer preventive, [22] , hepatoprotective, antieczemic, hypocholesterolemic and anticoronary agent [23] . In traditional practice, the fruits are crushed and mixed with Shea butter and used as body creams or perfumes [5] . This is could be due to the presence of carboxylic acids such as octadecanoic acid and esters such as acetic acid, 6,6-dimethyl-2-methylene-7-(3-oxobutylidene)
oxepan-3-yl methyl ester in the plant [23] . Xylopia aethiopica has been applied in traditional medicines as an effective antimicrobial agent [5] . This antimicrobial activity could be due to the presence of some aliphatic alcoholic compounds like octadiene-3-ol, which has earlier been shown to possess antimicrobial effects [24] . The compound, 1,6-cyclodecadiene, otherwise known as Germacrene D, was also identified by [25] . The compound is a class of volatile organic hydrocarbons, which plays a role as a precursor of various sesquiterpenes such as cadinenes and selinenes [26] . Reports showed that Germacrene D has insecticidal activity against mosquitoes [27] , antibacterial activity [28] , as well as repellent activity against aphids [29] and ticks [30] . [25] also detected the presence of spathulenol, an oxygenated sesquiterpene that has immunomodulatory [31] . This could be the reason why essential oil from the plant is used as mosquito and housefly repellents, and termite antifeedant in traditional practice [32] . Xylopia aethiopica has been reported to be of help in enhancing the healing of some ailments in man [33] and this may be associated with the presence of phenolic compounds such as 2-amino-3-hydroxy phenol as detected in extract in the present study and by [24] . Xylopia aethiopica has been used as flavour pepper and spice in food and for management of liver diseases [34] . This could be as a result of the compound, terpineol, cis-β-terpineol cyclohexene, 1-methyl-3-(1-methylethenyl) which is a citrus essential oil. Citrus essential oils could be considered suitable alternatives to chemical additives for use in various industrial areas such as food, cosmetics and pharmaceuticals. They also have an attractive and mild aroma that can mask food smells from fish, meat, garlic and onion. These seem to be positive functions for use as industrial antimicrobial agents such as preservatives. Cyclohexanones and cyclohexanols such as bicyclo [6.1.0]-non-1-ene-cyclohexanone, 5-methyl-2-(1-methylethlidene)-2-methyl-1-octen-3-yne, 3-cyclohexen-1-ol, 4-methyl-1-(1-methylethyl)-, and others identified in the plant can be used as solvents for paints and dyes, in pesticides, and as an intermediate for pharmaceuticals, films, soaps, and coatings [35] . Naphthalene identified in the plant is said to be hazardous [36] . This could be the reason excessive consumption of the plant has been reported to be toxic [13] . This study has also shown the presence and amount of bioactive components in plant materials depend on the location of the plant source.
Conclusion
The present study identified 58 bioactive compounds in the methanol extract of Xylopia aethiopica fruits using gas chromatography-mass spectrometry (GC-MS).
This plant has many bioactive compounds that possess antioxidant, anti-inflammatory, anti-microbial and anticancer properties. This showed that the plant extract should be of great pharmaceutical interest. Haven identified many bioactive compounds in methanol extract of Xylopia aethiopica fruits in the present study, and it is recommended that the active ingredients are isolated and subjected to further tests to compare their usefulness in the prevention and treatment of various conditions.
